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Gaynor et al 1 found unusual cells or cell fragments other than ordinary blood cells in rabbit's blood. On comparing them with endothelial cells on vessel walls, they reported that these were apparently detached endothelial cells.
Hladovec et al 2 3 measured the number of apparent endothelial cells in the circulating blood of rats and reported the differences in the cell numbers under various conditions. They also reported that the number of the circulating endothelial cells increases at the time of myocardial infarction and severe angina pectoris, 4 but they did not confirm by immunofluorescent methods that these cells were identical with endothelial cells. We counted the number of the endothelial cells in the circulating blood of 72 human samples using the method used by Hladovec et al. 2 To confirm the vascular endothelial nature of these cells, we observed them by Giemsa-staining, Ruthenium Red-staining 5 and direct immunofluorescent staining using anti-human factor VIII serum 6 ' 7 or anti-human a 2 macroglobulin serum.
8
To prevent the acquisition of endothelial cells while drawing blood, blood samples were also obtained from the arterial side of extracorporeal circulation tubes in hemodialysis-patients suffering from renal insufficiency. The size of the circulating endothelial cells was larger than that of other circulating blood cells. We aimed to determine whether the endothelial cells can cause brain microembolism to the cerebral circulation.
Materials and Methods
Seventy-two specimens from healthy persons and 32 specimens from chronic hemodialysis patients were obtained. Figure 1 shows the method of collecting circulating endothelial cells.
2 Silicone coated tools were used for taking blood. Blood samples (5 ml) were obtained from the median cubital vein in the cases of healthy humans and from the artery side of the extracorporeal circulation tube in the cases of chronic hemodialysis patients, and treated with citrate. After centrifuging the blood samples at 4°C for 20 min, at 395 g, the supernatant (herein-after abbreviated PRP) was collected. Then 0.2 ml of ADP (1 mg/ml solution) was added to 1 ml of PRP, and agitated for 10 min to mix completely. This material was again centrifuged at 4°C for 20 min at 395 g to remove platelet aggregates. The supernatant was centrifuged at 4°C for 20 min at 2100 g, and precipitates which appeared to be vascular endothelial cells were obtained.
Then 0.1 ml of 0.9% NaCl was added to the sediment and left for 1 min. A fraction of the resulting suspension was placed in a Biirker-Turk hemocytometer to count the number of cells. Each sample was counted several times to obtain the mean value. A fraction of the remaining suspension was smeared thinly on 2 slides and was dried. One was fixed in methylalcohol, and stained with Giemsa-solution to be examined by microscopy. The other was fixed in 10% formalin, stained with 500 ppm Ruthenium Red solution for 30-60 min, dried and observed microscopically. The size of these cells was measured by a micrometer. A portion of the remaining suspension was smeared thinly on a glass-slide, dried, fixed in methylalcohol, and washed with PBS solution for 5 min. Anti-human factor VUI and anti-human a 2 macroglobulin fluorescein-labeled serum diluted to 10-fold volume were placed on this specimen, which was stored in a dark place at 4°C for 30 min. The fluorescein-labeled serum was washed away by the PBS, cleaned and agitated for 10 min. It was treated with glycerin buffer (glycerin 9: PBS 1) and observed by a fluorescence microscope. Human erythrocytes were stained by the same method as the control. In the animal experiments, the intima of the thoracic aortas of male Japanese white rabbits (3-4 kg in body weight) were exfoliated and treated with collagenase to separate each endothelial cell. The sediment of vascular endothelial cells obtained by centrifugation were suspended in saline solution. When counted by a Burker-Tiirk hemocytometer, cell-numbers were approximately 2 x 1 0 * cells/cm 3 . These cell suspensions (3.3 x 10 6 cells/kg B.W.) were injected into 5 rabbits through a catheter inserted into the left common carotid artery which had been exposed in advance under general anesthesia. At the same time, the endothelial cell suspensions which were treated for 10 min by ultrasonic waves to produce lesions in the cells were also injected into 5 other rabbits. For the controls, blood samples which were obtained from the auricular artery of rabbits were left 48 hr at room temperature to clot. These blood clots were dried, crushed and suspended in a saline solution to be injected into 7 rabbits, tn addition, 2 mg/kg of arachidonic acid (made by Sigma Chemical Co.) dissolved in saline were injected into 2 rabbits through the common carotid artery as mentioned above. The catheter was pulled out after injection, and the skin was closed by suturing. Each group was observed for 1 week. The brains of the rabbits were removed for pathohistological observation under general anesthesia. Hematoxylin and Eosin [H.E.) staining were performed for histological observation. Figure 2 shows the number of circulating endothelial cells counted in the human samples. The mean value for healthy persons was 1.59 cells/9 fx\ PRP, while that of the patients treated with hemodialysis was 1.29 cells/9 fi\ PRP, showing no significant difference between the 2 groups. In Giemsa staining, the majority of the cells were devoid of nuclei, polygonal in shape including occasional crumpled cells (fig. 3 a) . 2 Their diameters ranged between 20 and 50 fim. The cell membrane stained by Ruthenium Red (fig. 3 b) . Examination by the direct immunofluorescent staining using anti-human factor VIII serum indicated specific fluorescent cells with the same size and shape as seen in Giemsa and Ruthenium Red stainings ( fig. 3 c) . Human erythrocytes had no fluorescence when stained by the same method. Examination by direct immunofluorescent staining using anti-human a 2 macroglobulin serum showed similar specific fluorescent cells as mentioned above ( fig. 3 d ) . a 2 macroglobulin, in the same manner as in the human erythrocytes, had no fluorescence.
Results
None of the rabbits injected with endothelial cell suspensions showed any signs of abnormality, particularly no symptoms suggesting cerebral embolism. The brains showed no gross or histological abnormalities. The brains of rabbits which had been injected with endothelial cells disrupted by ultrasonic waves, also, showed no abnormalities. Three control rabbits out of 7 which had been injected with blood clots died immediately after the injection. Transient paresis in the right lower limb was observed in another, pupillary hemorrhage of the left eye in 1 of these 7 rabbits. Multiple emboli by blood clots were observed in the cerebral blood vessels. Many infarctions were observed in the brain tissue of rabbits that survived for a week after the injection. The control rabbits which were treated with arachidonic acid died immediately after the injection. Histological examination showed widespread platelet thrombi. Discussion In the present study, we observed unusual cells in the circulating blood cell components other than ordinary blood cells.
The possibility that these cells originated from vascular endothelium was confirmed with the positive results of direct immunofluorescent staining using anti-human factor VII serum 6 7 and anti-human a 2 macroglobulin serum.
8 To eliminate possible contamination by vascular endothelial cells scraped by needles while drawing blood, samples were taken from the arterial side of the extracorporeal circulation tubes in hemodialysis patients. The existence of vascular endothelial cells in these samples suggested that such cells were circulating in the blood vessels. The size of these cells was much larger than that of other circulating blood cells and conceivably these circulating endothelial cells could form a microembolus and thereby could become the source of a brain infarct. Endothelial cells in numbers greater than those of circulating endothelial cells were injected into the common carotid artery of normal rabbits. This method could not produce cerebral embolism in rabbits.
The circulating endothelial cells are thought to be exfoliated from the intima because they appeared injured. Taking this into consideration, the normal separated endothelial cells from rabbit aorta were subjected to ultrasonic waves before injection. Factor VIII and a 2 macroglobulin were found in these cells too, by direct immunofluorescent staining. Cerebral embolism could not be induced by injections of these endothelial cell suspensions. The injections of homologous blood clots did produce typical cerebral embolism in control rabbits.
The injection of arachidonic acid reportedly can cause platelet thrombi. 9 l0 We injected arachidonic acid into the carotid artery of rabbits and observed similar results suggesting that platelet thrombi are responsible for the brain infarctions. In our study, an
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overwhelming number of endothelial cells (compared with the number of the normal circulating endothelical cells) were injected into the experimental rabbits. We had ascertained that the concentration of circulating endothelial cells in normal rabbits is comparable to that existing in healthy humans. Cerebral embolisms in rabbits was not induced by the injections of endothelial cell-suspensions. Circulating endothelial cells in humans exist both on the arterial and the venous sides.
Increased numbers of circulating endothelial cells in humans are not a factor causing vascular embolism. It is not known why circulating endothelial cells do not cause vascular embolism.
